This study was conducted to determine the effectiveness of various cleaning and upgrading equipment in removing shrivelled seeds from drought-damaged soybean seedlots. The conditioning line, consisting of an air-screen cleaner, spirals and a gravity table, successfully improved quality, but at the cost of a high number of discards. Shrivelled seeds removed during conditioning were significantly lower in seed weight, seed volume, and bulk density that the normal seeds. KEYWORDS. Soybean conditioning, Drought damage. 
INTRODUCTION
A recent study by Taylor (1989) ranked the 1988 drought in the American Midwest as the fourth most devastating, in terms of yield, within the last 100 years. South American countries such as Brazil, Argentina, and Uruguay also faced great production losses due to a combination of low precipitation levels and high temperatures. In addition to a greatly reduced yield, large percentages of shriveled seeds were produced. This research was initiated to assist seed producers in conditioning seedlots containing shriveled soybean seeds.
The goal of any seed conditioning operation is to maximize the quality of clean seed and to minimize the amount of discard. A seed conditioner often faces the challenge of balancing the quality aspect with the amount of discard, especially in seedlots that are difficult to condition. Additionally, seed conditioners need to maintain a high capacity during operation and to produce a final product with an acceptable appearance. Conditioning shriveled soybean seedlots from the 1988 crop presented such a challenge.
The specific objectives of this study were to:
• Determine the effectiveness of various cleaning and upgrading equipment in removing shriveled seeds from soybean seedlots. • Determine changes in physical and physiological seed properties at various stages in conditioning.
This article discusses the variation in the physical
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Journal properties of shriveled soybean seeds during conditioning. A subsequent article deals with the correlation between physical properties and physiological quality parameters.
LITERATURE REVIEW
After harvesting, seeds are conditioned to upgrade their quality by removal of contaminants (weed seeds and damaged or deteriorated crop seeds). Conditioning machines exploit differences in physical properties between desirable seed and contaminants. The most important physical differences are size, shape, and density (Thomson, 1979) .
Seed conditioning can be broadly divided into two major operations: 1) basic cleaning, and 2) seed upgrading. In many lots, the basic cleaning process removes all the contaminants separable by a simple combination of air blast and screens (Thomson, 1979) . In some instances, however, the physical properties of contaminants are too close to those of desirable seed to allow separation. Thus, machines such as spiral separators and gravity tables, which perform precise separations by a specific physical characteristic, are necessary. These upgrading machines have been studied, in depth, by Harmond et al. (1968) , Gregg et al. (1970) , Brandenburg (1977) , Thomson (1979) , and others. Misra et al. (1985) conducted experiments to determine the change in soybean seed quality at various stages in conditioning. The air-screen cleaner removed practically all impurities present in the seedlots and also improved germination percentage by 0.8%. The spiral separator did not improve germination significantly but was effective in removing misshapen seeds. The gravity table removed splits and also improved the germination percentage
In an experiment with soybean seeds, Gaul et al. (1986) found that the light fraction from the gravity table was lower in bulk density and was more brittle than the remaining seed fractions. No significant differences in specific gravity among the various fractions, however, were found. The authors attributed this finding to the high correlation between seed weight and seed volume.
In a field study. Green et al. (1965) found that wrinkled, shriveled, and green soybeans were more frequently produced when earlier planting dates had been employed and when higher temperatures were present during maturation. Seedlots containing a greater number of severely shriveled seed had lower laboratory germination and field emergence percentages. Misra (1983) used an air-screen cleaner, spiral separator, and gravity table to separate shriveled black nightshade berries from soybean seedlots. The air-screen cleaner removed over 95% of the shriveled nightshade berries. For seeding purposes, the remaining seedlot was conditioned through the spiral separator and gravity table. An aspirator was attempted after the spiral separator, but it did not provide any appreciable improvement for removing shriveled nightshade berries. In a conditioning plant, Londgen et al. (1974) reported that attempts to remove shriveled seeds from sugar-beet by using vibrating screens, air columns, and rubber rolls were unsuccessful.
Baudet (1987) investigated five sizes of seed corn conditioned through two types of gravity tables (pressure and suction types). The gravity table was effective in separating different fractions (heavy, medium heavy, medium light, and light) of seed com along the discharge edge. The fractions from the high side were heavier, larger, and better performing in germination and cold tests than the fractions from the low side.
Spilde (1989) studied the effects of seed size and weight of barley and hard red spring wheat on market traits. Seeds were separated by size and weight through a precision grader and a gravity table, respectively. In both barley and wheat, seed size was correlated with yield, whereas seed weight did not present a similar trend. Larger and heavier seeds had less moisture content than smaller and lighter seeds. The author considered this finding economically advantageous because drying costs could be reduced.
An early study by Snyder (1905) 
MATERIALS AND METHODS
Five uncleaned soybean seedlots, each a different proprietary variety, were obtained from commercial sources in the state of Iowa. The moisture percentages were 10.1, 11.2, 9.7, 10.0, and 9.2 (wet basis) for lots 1, 2, 3, 4, and 5, respectively. Table 1 shows the initial physical characteristics of each seedlot.
Each seedlot was divided into two sublots. Soybean seeds from each sublot were first conveyed to the cleaner llOGH bucket elevator (fig. 1) and then passed through a Model H-434A Crippen air-screen cleaner. Good soybean seeds from the air-screen cleaner were conveyed by a Mitchel gentle bucket elevator and then passed through an AMOS (AG-Machinery & Safety, Inc.) Model No. 100 spiral separator. The remaining good seeds from the spiral separator were transported to the gravity bin and finally sorted into three fractions by an Oliver Model 50 gravity table equipped with a 10-mesh wire screen deck ( fig. 1) .
Preliminary tests were conducted using a few bags of soybeans to determine optimum equipment adjustmeits for each seedlot. Seeds were recycled through each machine until the most appropriate adjustments were obtaine 1. The seeds used during the preliminary tests were discarded and not utilized subsequently in the experiment.
Samples were collected initially, after each conditioning operation, and also from the discard sections of each machine as shown in figure 1. The sample collection points were: Initial, screenings that passed through the first sifting screen of the air-screen cleaner ( 
RESULTS AND DISCUSSION
The physical quality for all seedlots was greatly improved by conditioning procedures (Tables 2-6). For seedlots 1, 2, and 4, the final sample contained a significantly reduced percentage of shriveled seeds (Tables  2, 3 , and 5). Bulk density, seed weight, seed volume, and terminal velocity were also significantly improved. Seedlots 3 and 5 showed improvements in physical properties after conditioning, but the improvements were not statistically significant at the 0.05 level of confidence (Tables 4 and 6 ). This is due to the higher initial quality of these seedlots. Seedlot 3 had the greatest initial values of bulk density, seed weight, and seed volume (Table 1) .
Seedlot 5 had the least amount of shriveled seeds initially and had the highest value in terminal velocity (Table 1) .
Kernel density did not show significant change at various stages in conditioning for all seedlots (Tables 2-6 ). This is explained by the high correlation between seed weight and seed volume (Table 7 ). This finding is in agreement with that of Gaul et al. (1986) . The percentage of shriveled seeds was negatively correlated with seed weight and seed volume ( Unusually high amounts of discard were recorded for all seedlots (Table 8) , except for seedlot 5. Such discards, however, were necessary because seedlots 1, 2, 3, and 4 initially contained 16 to 38% shriveled seeds. The screenings through screen 1 (CSl) and through screen 2 (CS2) of the air-screen cleaner, for example, contained high percentages of shriveled soybeans ( fig. 2 ). This Means followed by the same letter in a column are not statistically different (p < 0.05) according to the T-test. finding indicates the importance of proper screen selection. Screening alone, however, was not sufficient for removing shriveled soybeans to the point that the seedlot was marketable. The percentage of shriveled soybeans in air liftings from the cleaner (CL) was also high following the screening operation (fig. 2) . This finding indicates the importance of proper air adjustment in the air-screen cleaner for the production of a quality product. Even after the air-screen cleaner, all seedlots except lot 5 contained some shriveled soybeans and needed to be cleaned by the spiral separator and gravity table for further removal of shriveled soybeans to meet marketing standards.
CONCLUSIONS
The following conclusions were obtained from this study.
The conditioning line, consisting of an air-screen cleaner, spiral separator, and gravity table, successfully removed shriveled seeds. The air-screen cleaner removed about 50% of the shriveled soybean seeds. For seedlots with great initial amounts of shriveled seeds, additional upgrading equipment was necessary. After the air-screen cleaner, the spiral separator removed most of the remaining shriveled seeds. Following the spiral separator, the gravity table was able to provide a finishing separation.
The final product was distinctly improved in appearance and physical properties. The improve-ment in quality, however, was obtained at the cost of high amounts of discards. Shriveled seeds removed from soybean lots during conditioning procedures were significantly lower in seed weight, seed volume, and bulk density than normal seeds.
A trend of increase in weight, size, and bulk density was observed from the low to the high discharge end of the gravity table.
